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(54) Title: PSEUDO SLANT FIBER BRAGG GRATING, MULTIPLE SERIES FIBER BRAGG GRATING, OPTICAL FIBER 
TYPE COUPLER AND OPTICAL CONNECTOR 
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A. . .INCIDENT LIGHT 

B. ..QSFBG (41a) OF FIRST KIND 

C. ..QSFBG (41b) OF SECOND KIND 



— (57) Abstract: An optical fiber (4) having a clad diameter of 125 U m is made by adding Ge to a core (41) having a core diameter 
^ of 8 // m and a relative index difference of 0.3% and two refractive index grating parts (41a, 41b) having a slant angle of 2° are 
^ formed in series in the optical fiber (4) by a phase mask method using KrF excimer laser ( A =248 nm). The central period (2 A ) of 
the phase mask of a chirped grating is 1 140 nm, the chirp rate (C) of the period is 1.2 nm/mm, the length (G) of the first and second 

O index grating parts (41a, 41b) is 8 mm, the effective refractive index of the first and second index grating parts (41a, 41b) is 1.447, 
the refractive index modulation is 3xl0 3 , and the gap between the first and second index grating parts (41a, 41b) is 1 mm. 
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3718(1111, tfcffiHT^O. 3%0374 1H, Ge^fJ^X^^j'K 
^1 2 5 /zmC3}t:7 7-<'*4«:tfMRU Z.<0%yr^^^. KrFi^7U 
—if ( A = 2 4 8 nm) SrfflV^TfltfB^;* * J: 9 > *7^h£2 s 2 0 OlO 
©JBtfSMfc^SM 1 a. 4 1 b&ffiPUKJ&fcLfc. nx% j-^—zty • 
7^ l/WitLte-rX? <Dtp>bt°V * K (2 A) J2, 1140nm, \f])*-\f<DT 
V—Zfm (C) tel. 2nm/mm, fl 1 , ^ 2 ©Jffitfr^te^gP 4 1 a , 4 1b 
<DA£ (G) Ii8mm, ill, ^ 2 <OJB0f**-?*P 4 1 a , 4 1 b©^IJf$ 
(N) tel. 4 4 7, Jffi$r4£$ffitt3 X 1 0' 3 -C, mi. 3S2£>JS#rW^-£B4 
la, 4 1 bffl<Dfflm-Z lmmt £;?XTV^5o 
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5 &ffi$rm 

f£ N WDM (Wavelength Division Mu 1 t i p 1 e x i n 



TV^ 0 :WDMfii^7Aft, 1 *©3t 7 7 ^ ttttf ©ft 

it. il^Il7^;^^7 7^^^7 s/^^ Wf^ y^" CBTF TFBGJ 

FBG^iS^^ioV^fi, W«10~2 0nm, Iii2 0d 
GiJBrft: 4 0dB£JLh) <r>-7 4>V$l£%m\L-t%> b&X*%~f, t>V^T 
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fel £V^„ ) (DJ6»fft*S 2 ~ 3 0 dBiS©^-i^(DZoOff- 7° h 

Ch i r p^fcTPR^fcS, SC»PAD3^^^^FBG^| 
(10~2 0nm»±) *#5^^^^^^-^*T^» 
hFBG (OT rit^FBGj t^? 0 ) T?tt s BraggS»ff^ 

^tlfcV^^S;*^ H77>f^7y^V"- ?V ^ (J^T TSFBGJ 

K (£*T> r^9jxK*-Kj £v>5„ ) — <0*^S6*W£<s 
20 Wr4&#3~ kdmMT'foZo ^oT, /^5SFBG^£5^TifijMFr* 
<Sr?fef&-r 5 tc £> te, ft <z> =* T ^© ffl *ffUB © /h * v tf> 7 r 
■f-J&^^^v^yi^E— K7 7-C ^<t 9ttdB#fs*i£ (A) <7>/h$V>7 7"f^Sr{£ 

ffi u^tttLwr* k&v^v^ 

©C5 2S3g3!$fe^*3V>T«: % Zo©ft-7hFBGKf#lglt (F 
25 abry-Pe rot*i) a$38£-f-* ^ 5 5« FBG© 

Brag g^t~^dr^M(Dtft<D±^i-i, #©7Jt:#iafc»LTJ:flM«»ER 
I^^FBG (PiT TBum^FBGj £V^o ) lUoTS^^ 
%*^!7-m(Si©S^- K«ra-£*b3^ — flSfitfr&O F B G ^Sjfi-f 
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b r y-Pe r o t»^4l, h/M$t£fcl^- hfl*3&£U 

rnT% #lSlt (Fabry-Pero t <^££Kltt-3;6tfei: b 

«Bjm> ±^<7)il^^^:-1-6fci6^^$tLrc^<7)-C\ 1^©FBGT\ F 
B G i S F B G©t? Fl^^itt^rf t§ F B G<DWtfi&t S F B G<£>t$itg 

<fc <9 i« V ^if*^#T*# , SfcFB G<£> 2 ^^©^^^ C 5 #M 

l^7>FS77^^7J'^l/-f^^ (Quasi Slanted F 
iber Bragg Gratings) (£JIT TQSFBGJ £V^5o ) > M 

TOJS77-f^^7y^^^r^fy^ (£*T riWJlFBGj iv^ 



Z.<D& oizB&J&M&i-Zfrlb, ^^6DQSFBG{i, *7r^^37t x 

<fc6»5*c&5 dB^«^i-Smi<^@^f^&^gp«X."CV>S„ 

*fc N ^©QSFBGfl, ytyy-(^(D^T^ 7 7-f^iil'Mtt^ 

W-e^tR^^SltL, ^ $/ K^E— F^(D%£&K£Z>mik& 5 d B£A±^ 

rtlt,(D^P^(Z)QSFBGtJ;Hll Brag gKlt Lfc3fc&S?M— F 
Gg^TlRl) t'^$t5FBGi:, ^ 7 ^ K*- K^M$*5 S F B G©^I1 



WO 2004/019091 



PCT/JP2003/010571 



4 



l$ft#ft&W-t-5 F B Gcommt S F B GO«tg©«^jc <fc 9 ^Wffi 

0%(D&%im-<?M$l&}^frM^s fro? ? v — ^Jt-a-tc 5 d 
«tSta3fe«r5 d B£tJi^-t-5»4©JS^f#5ft^«p x fi&afi©® 1 ©JSJfW^* 

^K^^jtt^iMFBGf*. ^77^^371;, W&(D%i2.<Dm%x 

r b WoMfcifitfllSi F B G »c J;ttff ^ tvv K*— Kfc: 

K*— K^^©Mia^ t^FBG^S FBG«t«9jg®f#ttJ|rj6]Ji$ 

Biff W^F-SB i: E^iJ „ j|ij3zli<£> 7 >- J> ft t m&-&<D xy^hft Sr^ff 6 SM<£> 
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• # 

safest ct "5 —mmmm&*fa-t£^% rt^§ 0 

ffja&^Q S F B G^fcfi^mE^MF B G<Di»Stbfr%m?LX^Z> 0 

^wvyt^T^smuy^^xti^ t -r ;m%-? =7 zmfc-tz com 

5 tK— QS FBG*fd(l^ji:^MFBG^«^TV>^^i:^b. i«V^if 

£fc, ^W^^^i^ # = ffc&^QS FBG^fcte^ 

it^M F B G (Dffitlfrtmgi: ZfaX^Zo 
10 #3§BJ1<Z>ft = ^*^.3;*U£, ^B^t#5Q S F B fcaftt^JlF B 

15 

111 lfi> 1^*«(^5QS FBGOWS@T^5„ 

m 2 t* N *mm<Dm i ©hwj^s q s f b Go^jg4##^-rmpjBi-efe 

So 

20 E13te, ^PJ^2(D^Wa^Sm^:E^MFBG^ffffiIlI-efeSo 

in 4 *mm<Dm 2 <^ ji»ik^ smmE^M fbg ^st+^^^-rmpj 
mxfo% 0 

m 6 ^ *mw<Dmmm&iWF BG©i©»jci5Wffi0t^5„ 
m^el ms (b) «2 7|s:^^T-r^^i£^M#bT^^^%^ufc 
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IH8 (e) fig] 8 (d) ©A-A|&»fffiH-e*)S. 

B9tt, *^M©3fc7T'f^S*^7©jg»f^^'t-SttM0^ HI 9 (a) 

mi ®io<Di/*TJ>>ffim^$iti%*mm(Dft7T'(/<mi}7'7&m 

la^jSV^Ts *»QSFBGtt, ^^7^^^tt§=7 4 1 
i©374 1 <Dt\~m\zmf £>*K 374 1 «£ K> tJSlff^O/h£V^ 7>yK4 2 

<&&ffi^**o^a>b*^3te WFBI**) «:HMti-5„ rtU-<fc<9. 3741© 

mfeffift\z.%mz.%ioxy u-t ^ is?mmim* ^mt u ^07 7* -r 
wtt^i — *r4^?<n>i&=f^9 h/is$mm-tz>£u<mi(Dm$T^fei L n4: 1 
a * fc 2 <om$fm&*& 41b $tiz> 0 
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£U:©Q S F B Gtt, Mri$-ma-m<D^ o t LTi^^So 
5 -fftfrtb, 37f8nm, itTO^O. 3%C37 4 1(C, Ge^^T^ 
T^7yKtl2 5Mm©^77^^4l:f|}U ^<7)3fe^T-l'^4^ N A r 
^^-if^-^^ (l=244nm) Zm^Xtim^r X?mK£V) , 
Yft (0) ^2° ©QSFBG^Mtfc -^Wt^^ 
Wiffiv^^©^t°ytK (2 A) 1 0 7 6 nm, t? U Y<D^^ — ~f 
10 $ (C) 110. 5 6nm/mm, f 1, l20lSr*l&i 1 ^4 1 a N 4 1b©g 
$ (G) (i2 0mm, IS 1 x ^2©IJf$CT4 1 a, 4 1 b ^ ^H^jJffiilf^ 
(N) {41. 4 4 7. @#r^fS«:3 X 1 0~ 3 i: $tl/TV^ 0 

jiiE^ittMKi&v^T, ^^^b^ (e) &o. 2~2° t\ a»uod 

B^iKDm-^i-^-C, AMftZ 9 O %^±<^lt^T^:t* =7 V K 

15 K^f^fc:<fc5il3c£5 dB^^i-?>fc«6(D^l(DjS^f^^4 1 a 

^tf5QSFBG^Ili©QSFBGi:VH\ 77yhWi~3 0 T\ J! 
JUffi^ 1 0 d B^iiO^^l^ AltTfe^ 1 0%^±(D^lt^T'SM$^ 
^0^7 5/ K^e— <D^{z:j;6»^5 d B£U2fc-r5fcfc<£>|jS 2 ©SJlf^ 
fe^4 1 b^ff5QSFBG^2g©QSFBGiV^5o Xy^Y 

20 ^ (e) Am^mmm^^mm (h) T'R#ti-s^cD7T^^fA-< 

r^T\ f lS^QSFBGm^ 9 0%£Lhi: Lfc<£>{±. iilt 

<£>F B G (f5 3(DJBi^lM&^) t|WI^(DStt (HfCftj^Stt) %£*5fci?> 
t?&5 0 f lS^QSFBGJCiJV^ ^7 y K^r— O^tCtSli 

25 ^£5 dB^li: L7c(£>te. ii^^FBG-e^bti^^^iy K*— <D%£&\Z 

£z>m$:bfflm.mk'tz>fr&bxfo% 0 i2s©QSFBGm^ s: 
mm* i o bfco«. mm] zmmt i,xmmx%z> x 5 K-tzti#> 

Xfo% a 3=fc N M2«<Z5QSFBG^*5V^T. i7 y V K*— 0*t^fc £ 5* 
£c&5 dBEUrfc Ufc<Dte N I^OFBGT*a^5^7S' K*— K^OJt^J- 
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g±©FBG, f lS*fcfii2S©QSFBG*5J;tJ ? SFBG TFB 

AS E (Amp lified Spontaneous Emission) JfcM^ 
SLD (Super Luminescence Diode) J(M^ EELED 
(Edge Emission Light — emitting Diode) JbM 
m&Mmt}<Dfcfti&%:mBL-< m&S SE (Source Spontaneou 
10 s Emi s s i on) (Z)^^ V— if^m^rfflV\ — * — # t LT^R^ 

fcov^Wu Chi r p&&1rZ>&&W<DFBGm<DWr&fcte, V&ttz. 

is srtms. 

CML= (R L 2 U) — R L J (A) ) /2 

CML (A) : * 7 y K^E~ K^©^(aSI^ 

R L j (A.) : Ch i r p^IrIM (t&^FBflHlOSV^^fe) W*bfc«rAt* 
UT#fcSl^si h^) 
20 RL 2 (1) :Chir p ^iRj^agfc (fe^PS^SV v£"7> b) PW&t& 

■f-„ t4t»W7y K^K^^tiStl^ttBr a g g feK J; <9 n m$g 
V^JMH«Ui«^i-5fe*. Ch i r p^lRl^bK^SrAtt-rS^^f*^^ 
25 K^^ K^©^t i (t 5 r ^£ < Brag gRMZtlZtiK 

lAl^bAAH-Sifrfrfctt-twRftOB rag gSit*|cS5*-C©Rlt^9y K 
^iNf#&C<fc5*^&^tt§fci?> (^ttint nm^Br a gg 
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mitt 7 v K^e- K^offra-te J: 54tjfc©*#«r7j*i-:: £: left -5 „ 2 

5 ei±(Dll<DWJ(^5f It, l2t<7)QSFBG(I < ttliis If©FB 
Gift*© S F B GOlJffiWft«Ht*t U IfOFBGOtftll, "T^fc> 

£ N ^©SFBGOli, i-J&*>*>, Slt^^^7yF^fWH^ 
li^©«[^J:t)l«VNj6»f*Srflfe^i-«iii:^^#5. l2i<DQSFB 

F B G^s F B G J; r> hM^MWrfttiEtt-fZ* 

@2(t t*©FBG^it>'SFBGi, *»WKl33»t 1 
l2SWQSFBGOll^^ h;K i-fcfc>t>A#3feft (nm) (d 
B) £<7>g|#£r^LTV^o I^H^V^-C, IW^Wlfi^^i/ h# (0) 
15 ©»FBG^ *^W2{i^7^b^ (6) ^2° ©^<D^2g(DQS 
FBG^ MW3(^7yh^ (9) iU° 0»SFBG©#14^L"C 
V^5, I^HIJ: <9 N ^l©f 2i©QSFBG(t 1 5 5 0—1 5 6 5 nm<D^ 

jKicjsv^ % 4 o ~ 8 o d Bfem<D%mx*ytm ^mmx% zz.t jjs^s. 

H 3 *mW<Dm 2 OflfjCiSlTOlF B G^WEH^LTV^ 

O/hSV^ 7 5» K4 2 bfrtof&Zyt^TJ ^4S:Ix.T*5!5, S|374 1 
tl^©i5iat, H&ifctf>*Bl«, ^2S©QS FBG (|gl, 0 2<^@ 
25 Sf^»^«P4 la, 4 1b) ^HC^J^^^^TVN^o -Tfcfc>*K g§ 1 ^HJS^J 

KDm^mm^mmcoQSFBG (mKDm$tm&*&4 1 a) 

5o #^T% ^It3t77^ ^4?rfft^rS](-TfebT. tfftfc£|fl!*tfc:*t* 
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MtftSi^ia^ i2i©QSFBG (tl$ 2 <DmVt&fe=Ht 4 lb) 

i2i©QSFBG (Hi, &2<£®#f^&^gB4 1 a, 
4 1b) te, Il^Mllt^fl^ *ft^*L3fe©e»;frfatEJBoT«ife« 

QSFBG (mi(Dm$T%$&^4 1 a) i:^2ffi©QS FBG (^2<£Jg#f 

1~ft:b*>, 3T@8/im, JfcJB#T^0. 3%©3r4 1(^ G e &^r£i±" 
7 y Fi 1 2 5 /i m©3t7 ^ 4 U ^ ©7^:7 T -f ^ 4 KrF 

^^•^u— if (1 = 2 4 8 nm) £/BV^T{£*@-^;* ^ £fefcl «£ <9 , 

(0) ^2° ©M % I2S©QSFBG (Jfll, B2^Jffiiff^^fP4 1 

a, 4 1b) SrH^IJ^^^UfCc r^T?, T^>^(DitLm^ 

*9<D$*fo\£V JrY (2 A) f± % 1140nm, fc° JJ ^- K©^*- — ^ (C) \% 
1. 2nm/:mm, Hi®, i2i©QSFBG (H 1 > % 2 ©JStFfW^$fl 
41a, 4 1b) ©1$ (G) f£8mm, §2i©QSFBG 1 , 

fR2©JBJf^5ft^|fP4 1 a % 4 1b) (p<E>H$)JE#f^ (N) tel. 4 4 7, JffijFf 

2i©QSFBG (II, ^2©@JffW^|fP4 1 a N 4 1b) ra©MPR& 1 
mmt'LTV^S^ 2 OOmmKT, AfrlftlCW:, «fcHBc+5 V t LT^«tV\ 
JgA_h<D^2(D^JjiM^#6m^:E^MFBG^«fcH«, ^©FBG^SFB 

fc, ^-TS <fc 5^, — 0(D^2®©QSFBG?r2©ig^bfcm'^^*5V^T«, 

^ifcfc (nm) tSIt* (dB) i:©B5^*^b"CV>5 0 
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raBteSSV^ WW4|«©FBG (lt©FBG) & x *|W5ftl2 

MFBGiZ^^Xn, 1540~1560 nmCffi|0|^ 100 %j£< S 
ItStbS— ^ Brag g$LMi&&(D&Wft&.m&'b£^Z. k&frfrZo 
5 £JLt©2li&0!U£*5V , *Tf4x X^^b^l (0) # s 2° (DZO(DQSFBG^2g 
^bfd^^^OV^T^-<TV^^. FBGs SFBG, 

f 18, l2g®QS FBGSrm-a-&T2^jg^UTt>«fcV\ 

Sltt^ FBG N SFBG, |li, g2i©QSFBG^2gMt5 

10 [^1] 







sit 




Kit* 


Kit 


l 


FBG 


FBG 




n 




2 


FBG 


IlS©QSFBG 




ft 




3 


FBG 


^2t©QSFBG 








4 


FBG 


SFBG 




ft 


^ 


5 


IH©QSFBG 


FBG 




ft 


S$ 


6 


HS^QSFBG 


ili©QSFBG 




ft 




7 


H 1 ffiCO Q S F B G 


i2t©QSFBG 




ft 


$s 


8 


IliOQSFBG 


SFBG 




ft 


4ffE 


9 


f2S©QSFBG 


FBG 








1 0 


^2S©QSFBG 


f li©QSFBG 




ft 




1 1 


^2S©QSFBG 


^2g©QSFBG 


:*: 


ft 




1 2 


^2i©QSFBG 


SFBG 




ft 




1 3 


SFBG 


FBG 








1 4 


SFBG 


^lSOQSFBG 








1 5 


SFBG 


I2S©QSFBG 








1 6 


SFBG 


SFBG 






AjTT- 



is nr-r\ ^FBG©2SM©#tt^§i:, 1, i-ft*? 

lt^ftv^<£><£>> WiWt<DFBGb&Wt<DFBGfflX-&MBM$:g:tf, Fabr 
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y-P e r o t*$g#*3S£U tM^TteX^ h/WRH4fcy y~f M$%3(tfZ> 

KJ&ffc Lfc^mSsv^T tt % Wri^T, — oco s F B GM-C^S[RJH-«rS»* 
&VMb©£\ S FBGl^S**- 7 y K*— K^lfe$*5f^ffiSr^r 

"ef±W^«t2:^«t>0©x f£^SFBG<D|»*ItfS^;fo#\ ^frttfcifefflBriB 

SOQS FBG^rilC^l^fifeb^m^^^Tf^ B«i^<7>^#-i-4 

^S^ia©QSFBG^jSi(§$ttw«fca5 N 0fiSI*ft&*7y K-=e— K 
til^CllU ^-b^^r«J$!l-et5^-C#ftJic^S 0 i~fr;b*>, FBG 
©Brag g$L&k— WctZ>$L&(Dyt<D±¥fe, i5^fi5t, fc&&©FB 
GCiotg^©£*^ Ktoj&^£*b5^ — SRtttlra©FBGSr3iau 

frfrzmmy£t±&m(D$5im<DQs fbgic^-csjh-u r.©Rit3fe^A^ 

£fc> Is -t-^^*>IH— iti©Zo©l2SWQS FBG^2S1 
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• # 

QSFBG©^7>h^ (6) (DM&*MM\z1-5k, Mc&&)Kt±, m 6 \-7jk-f 
5 iM-, iM2fWQSFBG0^7>f^ (0) SrHt*a2° HU m®:0 
!2S©QSFBG^7y^ (0) (m^a-2° ) tt5i> 

10 v^a* % FBGSr3aJBJL±3SfebXt>J:v> 0 

El 7 te x 12 ©^^te#54g8fciE«F B G^JBV^Tfe^T^Sbfr:^ o 

EmJIfcSVvr. #%W©#7 r>T 5 tt\ _h«9{l# (1 2 6 0~13 
15 6 0 nm) i:Tt>if (1 4 8 0~1 5 8 Onm) Sr^tt5*7 t 7*fr5 1 
£ N ^7*7*^5 lWA^U^f^^SCOM^- b 5 2 
77#l^«$tl6^1, m2(DOUT7K-h 5 3, 5 4 i: £#£-0^0 
COM*- b 5 2&mfc^Zft7T4'*fo1&<DftffiU\ZlZmi<Da*?# 5 6^ 
^!9#it&tlT*5!), ffc N Il©OUT^b5 3 (WTs ri. 5 5*- 
20 hj £:V^ 0 ) Sr#^i-S3t7r^^'^3»©ife«8iasj!:tt^a5-r5PD (Phot 

o Diode) KlSBKS*l/5JB 2©a^^ 5 ^2©OUT*- h 5 4 

(J^T, ri. 3*— H i:V^ 0 ) Sr#^-r57t>'7--r^'C?^5fe«§P^«# 
ItSLD (Laser Diode) \Z.Wm£tl5$53<D=i*? # 5 8 

5fc1% HI 8 (a) V^/we— K03fe7r^oJSffli::«frBgS: 
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